Twenty crossbred cows (HF × Jersey) yielding 18-20 kg milk/d were divided into two groups of ten each based on milk yield, fat% and stage of lactation during hot summer months. The animals in both the groups were fed basal diet comprising 9.0 kg concentrates, 25.0 kg green fodder and 3.5 kg dry fodder. In addition to basal diet, animals in experimental group were supplemented with betaine hydrochloride @ 30 g/d and buffer @ 100 g/d for 90 d. The average temperature-humidity index was 71.78 and 78.12 at 09: 00 and 14: 00 h, respectively. Study revealed that betaine supplementation improved (P<0.01) DMI and milk yield by 8.79 and 10.55% in cows as compared to control group. Average fat (3.70% vs. 3.96%; P<0.01) and SNF (8.54% vs. 8.63%; P<0.01) contents were also higher in experimental group. Lower DMI (14.2 and 15.7 kg/d) and milk yield (15.4 and 17.4 kg/) were observed in both the groups when there was higher THI (83.3) during the study. Rectal temperature (103.4 vs. 102.6ºF), respiration rate (63.5 vs. 45.5/min.) and pulse rate (76.8 vs. 60.8/min.) at 14: 00 h were lower (P<0.05) in cows supplemented with betaine as compared to control group. The net daily income was higher bỳ 20.05 (P<0.05) in experimental group as compared to control. Therefore, supplementation of betaine hydrochloride and buffer in the ration of dairy cows during heat stress period not only maintained DMI and milk yield but also improved net daily income of dairy farmers in tropical conditions of India.
INTRODUCTION
In India, annual total milk loss due to thermal stress was reported to be 1.8 million tonnes or about 2.0% of the total milk production of the country (Upadhyay et al., 2009) . Dairy cows exposed to high ambient temperatures and high relative humidity are not able to dissipate sufficient body heat to prevent a rise in body temperature. A temperature-humidity index (THI) above 72 units usually causes a reduction in dry matter intake (DMI) and milk production in lactating dairy cows (Armstrong, 1994) . Consequently, high ambient temperatures and high relative humidity during heat cause a decline in milk yield and DMI by dairy cows (Huber et al., 1994) . Heat dissipation is transfer of body heat from the body core to the surface and then to the environment. Increased levels of heat dissipation arise via enhanced peripheral vasomotor function and evaporative heat loss. This phenomenon might alleviate adverse effect on DMI and thus increase milk production (Zimbelman et al., 2010) .
Betaine, naturally present in wheat and sugar beet is an oxidative product of choline and a trimethylated derivative of glycine (De Zwart et al., 2003) . Commercially available betaine is a co-product of the sugar beet industry (Lever and Slow, 2010) and is extracted from molasses by water-based chromatographic separation and crystallization (Craig, 2004) . Betaine functions as an osmolyte to maintain cell function and volume, a methyl donor to increase methionine and decrease homocysteine concentrations and is fermented to acetate in the rumen (Mitchell et al., 1979) . Heat stress potentially leads to a decline in milk production in addition to reducing the health of dairy cows. Now-a-days, the research has been focused on overcoming this limitation in hot and humid regions of the world. Thus, present study was planned to evaluate the effect of betaine supplementation on DMI, milk production and physiological parameters of lactating crossbred cows exposed to hot and humid weather conditions.
MATERIALS AND METHODS
The experiment was conducted during summer months (April to July, 2018) at an organized dairy farm of Gopalpura village in Anand district of Gujarat state. Twenty early lactating (30-35 d in milk) crossbred cows (HF × Jersey) in their 2 nd to 4 th lactation were selected. All the cows were divided into two groups (control and experimental) of 10 each based on milk yield, fat percent and stage of lactation. Animals in control group were fed basal diet comprising of 9.0 kg concentrates, 25.0 kg green fodder and 3.5 kg dry fodder (NRC, 2001 ). In addition to basal diet, animals in experimental group were supplemented with betaine hydrochloride @ 30 g/ d and buffer (49 g sodium bicarbonate, 21 g magnesium oxide and 30 g potassium chloride) @ 100 g/d for 90 d.
Ambient temperature and relative humidity were recorded in cowshed during the trial period. Daily maximum and minimum ambient temperatures were recorded and THI was calculated according to the equation (NRC, 1971) . THI = 0.72 (T db + T wb ) + 40.6 Where, T db is the temperature of the dry bulb and T wb is the temperature of the wet bulb
The chemical composition of feeds and fodders offered was estimated (AOAC, 2005) . The crossbred cows were hand milked twice daily (05: 00 and 17: 00 h) and milk yield was recorded. The milk samples were collected at fortnightly intervals from individual cows during both milking time. After proper mixing, about 100-150 mL of milk sample from each cow was collected and analysed for fat, SNF, protein and lactose contents by an automatic milk analyzer. Average feeding cost and realization receipt from the sale of milk was calculated based on current market prices. Physiological parameters such as rectal temperature, respiration rate and pulse rate were recorded twice daily at 09: 00 and 14: 00 h for 2 consecutive days every week. Statistical analysis of the data was carried out (Snedecor and Cochran, 1994) using SPSS package programme (SPSS 9.00 software for Windows, SPSS Inc., Chicago, IL).
RESULTS AND DISCUSSION
The chemical composition of feeds and fodders fed to cows during trial period has been given in (Fig. 1) . West (2003) also reported that the feed intake by cows decreased as THI increased. Reduction in DMI is the most important effect of heat stress in tropical and sub-tropical conditions (Marai and Habeeb, 2010) . Singh et al. (2008) reported lower feed intake in heat exposed group of Karan Fries calves compared to protected group of animals during hot dry and hot humid conditions. Supplementation of betaine to cows improved (P<0.05) milk yield, fat and SNF by 10.55, 7.03 and 1.05%, respectively as compared to control group (Table 2) . However, milk protein and lactose contents were not affected. An inter-relationship between THI and daily milk yield of cows in this study was observed at every fortnightly interval during the whole trial period. It was observed that at highest THI (83.3), the level of milk production was lowest (15.4 and 17.4 kg/ d) in both control and experimental groups (Fig. 2) . Wang et al. (2010) reported that by adding 100 or 150 g of anhydrous betaine significantly improved milk yield and fat during the early lactation in Holstein dairy cows. Zhang et al. (2014) showed that the addition of betaine up to 15 and 20 g/d caused increase in milk yield by Values with different superscripts in a row differ significantly (P<0.01);
Values with different superscripts in a row differ significantly (P<0.05) 29.16 and 28.87 vs. 27.70 kg/d (control), respectively which might have been caused by the addition of betaine by reducing the heat stress of cows that improved feed intake and milk yield. Within the rumen, betaine is converted to acetate by microorganisms (Mitchell et al., 1979) and acetate is directly correlated with milk fat (Bauman and Griinari, 2003) . The daily feed cost was higher (P<0.05) in experimental group as compared to control group (325.44 vs. 277.52 `/head). Higher feed cost in experimental group was mainly due to the higher DMI and supplement cost. However, daily realizable receipt (`/head) from the sale of milk was higher by 14.20% (P<0.05) in betaine supplemented group as compared to non-supplemented group. Thus, net daily income of farmer increased by ` 20.05 per animal after supplementation of betaine hydrochloride and buffer.
Rectal temperature is an important physiological indicator used to determine whether cows are being subjected to heat stress and it ranged from 37.5 to 39.1°C under normal physiological conditions. When cows are subjected to hot environmental temperatures, they cannot emit more heat by regulating body temperature resulting in an increase in rectal temperature. In our study, supplementation of betaine hydrochloride and buffer helped to reduce physiological stress. Average rectal temperature (103.4 vs. 102.6ºF; P<0.05), respiration rate (63.5 vs 45.5/min; P<0.05) and pulse rate (76.8 vs. 60.8/min.) were higher (P<0.05) at 14: 00 h in control group as compared to experimental group (Table 3) indicating more effect of heat stress on cows in control group when the THI was higher than 72 units which might be due to the function of betaine which Values with different superscripts in a row differ significantly (P<0.05) helped animals to alleviate heat stress. Gaughan et al. (2005) suggested that the addition of exogenous osmolytes significantly reduced the rectal temperature and increased the feed intake and heat endurance of cows during heat stress.
CONCLUSIONS
Supplementation of betaine hydrochloride and buffer in the ration of crossbred cows during heat stress period improved feed intake, milk yield, fat and SNF contents resulting in higher net daily income of farmers. It also helped maintaining lower rectal temperature, respiration rate and pulse rate during the heat stress period in hot and humid environment of India.
